During the investigation in the Yellow River Estuary Sea Area in May 2009, 30 surface sea water samples were taken for soluble heavy metals (Cu, Pb, Zn, Cd, Hg and As). The average concentrations of the soluble heavy metals in surface seawater were 2.65, 0.51, 37.7, 0.68, 0.013, 0.92μg·L -1 respectively. The concentrations of soluble heavy metals decreased from littoral sea area and the Yellow River Estuary to the central sea area, which reflected obviously affects of human activities, Yellow River and the land source pollution. Except at some particular stations, most concentration values of heavy metals did not exceed those of the primary standard of Seawater Quality Standard of China. Zn pollution is more serious than other heavy metals, which exceed the primary standard but lower than the secondary standard. Compared with other typical seas, the heavy metal concentration of the Yellow River Estuary is lower than that in the Jiaozhou Bay, but higher than the North Yellow Sea, the South Yellow Sea, and the South Sea.
Introduction
The Yellow River, running through northern China, is the second largest river in China, which is not only carrying a large number of sand from the Loess Plateau, but also carrying a number of pollutants from the cities and industrial and mining enterprises of the basin into the sea. The Yellow River Delta is an important economic development area of Bohai. With the rapid development of the eastern coastal region and the expansion of ocean development and the scale of utilization, the marine pollution is increasing. Meanwhile, the sea water is the first receptor of the marine environment imposed by human impacts [1] which have a significant and far-reaching impact on marine living resources and will eventually result in the accumulation and chronic poisoning of human by the food chain. Therefore, the distribution, transport and changes of the heavy metals in seawater is the high-profile issue for the current. Tian et al. [2] and He et al. [3] had studied the distribution of dissolved heavy metals of the surface water in the North Yellow Sea and the Southern Yellow Sea. Wu et al. [4] made a related study on the Variation Characteristics of the heavy metals in the Yellow River Estuary sediment, but in recent years, study reports on the dissolved heavy metals in the surface water of the Yellow River Estuary is few. In this paper, variation characteristics and controlling factors of soluble heavy metals in the Yellow River Estuary surface seawaters are studied, in order to evaluate the quality of the ecological environment of the sea, monitor the marine pollution, and provide information for the marine ecoenvironment protection.
Sample Collection and Measurement method

Sample Collection
In May 2009, thirty sample stations were selected in the Yellow River Estuary, as shown in fig. 1 . Surface sea water was sampled.
According to Specification for Oceanographic Survey of China (GB17378-2007), the vessels used for collection of the heavy metals samples were soaked for a few days in 3mol·L -1 nitric acid, then rinsed by distilled water and ultra pure water, and the vessels were packed with zip-lock polyethylene bag. The sample collected was seal up during the transport to the laboratory. 
Analytical Method of Samples
The sea water samples were filtered through the 0.45μm synthetic fabric membranes (which were soaked in 1mol·L -1 HCl and then rinsed by ultrapure water, until the pH=7) in the spotless laboratory furniture. One part of the filtrate was used to measure the content of Cu, Pb, Zn, Cd and As. After the nitric acid was added to PH<2, the samples were kept in clean polyethylene sample bottle. The H 2 SO 4 was added to the left filtrate, and the sample was stored in 250 ml tetrafluoroethylene bottles to determinate mercury. The determined methods of Cu, Pb, Zn, Cd, As in the sea water follow the Specification for Oceanographic Survey of China (GB17378-2007). The concentrations of Cu, Pb, Cd, Zn were determined using the atomic absorption spectrometry (Thermo M6). As was determined using the atomic fluorescence spectrometer (AFS-920). Hg was determined using the cold vapour atomic fluorescence spectrometer (Model III).
Result and Discussion
The content of the soluble heavy metals in the Yellow River Estuary surface seawaters and the comparison with other typical seas
The contents of Cu, Pb, Zn, Cd, Hg and As in surface water of the Yellow River Estuary were in the range of (0.10~4.46 )μg·L (Table 1) , the heavy metal content in water of the whole Yellow River Estuary is low. The concentration of the heavy metals except for Zn did not exceed those of the primary standard of the Seawater Quality Standard of China(GB3097-1997). The concentration of Zn exceeds the primary standard of the Seawater Quality Standard of China, but is lower than the secondary standard. Compared with sea water concentrations of heavy metals in biological basis of chronic safety recommended by the United States National Oceanic and Atmospheric Administration (NOAA), the heavy metal content in water of the whole Yellow River Estuary is much lower than the lowest biology chronic safe concentration limit of the NOAA. The concentration of Cu is close to the concentration of biological chronic safety. Compared the heavy metal concentration of surface seawater in Yellow River Estuary with some typical seas (Table 1) , the overall content of heavy metals in surface water of the Yellow River Estuary is in the middle levels of China's coastal waters, but higher than the natural background value. The average concentrations of Cu Zn Cd were significantly higher than that of Changjiang River Estuary and Hangzhou Bay, but contrary, Pb, Hg and As were significantly lower than that of Changjiang River Estuary and Hangzhou Bay. This difference may be not only related to the substances, sediment, which carried by Changjiang River and Yellow River, and the emission of pollutants caused by industrial and mining enterprises in estuarine delta, but also be affected by their chemical properties, such as seawater salinity, temperature, tidal currents and other effects.
The content of the heavy metal of the Yellow River Estuary is much lower than Jiaozhou Bay. This is because that the Jiaozhou Bay is a semi-closed bay, and is surrounded by the Qingdao city. It's affected by the input of sewage and industrial wastewater. In additional, the water exchange of the jiaozhou bay is slow, and the self-purification capacity is relatively poor. So the content of the heavy metal is much higher, the pollution is more serious.The Bohai Sea is an inland sea of China, which is significantly affected by human activities. The content of the heavy metal of Yellow River Estuary is much lower than the Bohai Sea except the Zn and Cd. But the content of the heavy metal is much higher than that of the North Yellow Sea and the South Yellow Sea. They are all affected by the entrance from mainland and the settlement from the atmosphere. The difference of the content of the heavy metal shows that the influence of Yellow river is much greater.The contents of the heavy metal of the Yellow River Estuary are all higher than that of the South China Sea, and the difference of the contents of some element is up to three magnitudes. This is because that the South China Sea has a very wide sea area, and has greater self-purification ability. 
The distribution of dissolved metals in the Yellow River Estuary
The concentration of Cu is larger around the Yellow River mouth, then decrease from the offing to open sea area. So the Yellow River is one main source of the sea area. There are two higher areas of Zn distributed in the south and north of the River mouth, but lower near the mouth. This characteristic may be caused by the other pollution sources near the bank. Zn carried by the Yellow River is lower.
The distribution of Cd content is high in the seawater of Yellow River estuarine delta's north and the south inshore. The highest point is at H03 stations, and the content in the Yellow River estuary is lower than that in the north and south coastal sea area. The content of Cd is very low in the sea area that far away from the seashore. This distribution characteristic is mainly affected by the coastal land-pollution and the Yellow River into the sea. [10] 0.028 [11] ND [9] The The Hg content at the H01 stations near the northern coastal and the H28, H29 stations near southern shore is higher. Due to the impact of the shore and the Yellow River, the content of Hg decreased from littoral sea area to central sea area.
The content of As in coastal waters is in general significantly higher than that in the central sea area. The farther away from the coast, the contents were relatively lower. There were two high value areas of Pb near the Yellow River estuary and the old estuary respectively. The content is lower in the south inshore water.
Factors influencing distribution of soluble heavy metals in the Yellow River Estuary Surface Seawaters
In general, the main sources of heavy metals in the seawater include terrestrial inputs, atmospheric deposition and deep-sea hydrothermal activity. The content of soluble heavy metals decreased from littoral sea and Yellow River estuary sea area to central sea area, which was obviously affected by the human activities and Yellow River. The distribution differences of heavy metals the Yellow River Estuary is caused by many factors, such as the ocean dynamics, temperature, salinity, runoff, the same with the other elements in the geochemical cycle in the ocean [13] . 
Ocean Dynamics and Salinity
The Yellow River Estuary is located between Bohai Bay and Laizhou Bay, has a strong Bohai longshore current. Therefore, the direction is the main driving force for sediment removal in this area [14] , and also can carry pollutants from Bohai Bay and Laizhou Bay into the Yellow River estuary. With the rapid development of heavy industry around the Bohai Bay, more pollution is discharged to the Bohai Bay by the rivers and waste water discharging hole. The pollution of the Laizhou Bay is also serious because the Xiaoqing River and other rivers. So there are higher content areas of Cu, Zn, Hg, As in the northern and southern of the Yellow River Estuary.
Salinity can affect the adsorption-desorption of heavy metals, and to some extent, the intersection of salt and fresh water will affect the concentration of heavy metals in water. Simulation experiment on the estuarine mixing showed that [15] , in the estuarine mixing process, the solid -liquid distribution coefficient Kd of Zn decreases with increasing salinity, in other words, Zn tends to shift from the particulate to the dissolved state. Similar to this experiment result, there are high-value areas of Zn, Pb, Cu in the southern offshore of the Yellow River estuary, and these regions correspond to the high values of salinity.
On the contrary, mixing salt and fresh water will also cause some heavy metals such as Cu, Zn, Mn, Fe from the water migrate to particles [16] . Heavy metals and salinity showed a varying degree of negative correlation in the Yellow River estuary. The content of Cd and salinity has a significant negative correlation at the 0.01 level with the correlation coefficient is -0.545.
The Yellow River input and Human impact along the coast
Coastal runoff and sewage input will directly affect the quality in coastal waters and distribution of heavy metal seriously. In addition to the Yellow River bring part of the pollutants of industrial wastewater, urban sewage and coastal farmland wastewater along was discharged to the sea. The concentration of heavy metals except Pb is high both in the south and the northern of inshore water, decrease with increase of distance to the coast, which indicates that the land runoff input and the coast pollution discharge obviously affect the heavy metal's distribution of sea water in the Yellow River delta sea area.
The determination result of heavy metal in the Yellow River water indicated that average content of heavy metal Cu, Zn, Cd, Hg, As in the river is 3.29, 53.47, 0.057, 0.0041 and 1.61μg·L -1 respectively. The concentration of Cu, Zn, As is higher than that in the sea area. The high value area appear in sea area nearby the Yellow River mouth, which explained that Cu, Zn and As mainly carried by the Yellow River. Cd content in the river is far below the surrounding seawaters indicates that the pollution of river is less serious than sea water. Because the diluted water of rivers the distribution of Cd, the high value area appears near the Yellow River estuary. The Hg content in the river course is also lower than that in the sea area, but the high value area presents in north and the south coast sea area, which is caused mainly by the other sources around coast.
Conclusions
(1) The average concentrations of the soluble heavy metals(Cu, Pb, Zn, Cd, Hg and As) in surface seawater were 2.65, 0.51, 37.7, 0.68, 0.013 and 0.92μg·L -1 respectively. (2) Except at some particular stations, most concentration values of heavy metals did not exceed those of the primary standard of Seawater Quality Standard of China. Zn pollution is more serious than other heavy metals, which exceed the primary standard but lower than the secondary standard.
(3) Compared with other typical seas, the heavy metal concentration of the Yellow River Estuary is lower than that in the Jiaozhou Bay, but higher than the North Yellow Sea, the South Yellow Sea, and the South Sea.
(4) The concentrations of soluble heavy metals decreased from littoral sea area and the Yellow River Estuary sea area to central sea area, which reflected obviously affects of the Yellow River and the land source pollution. Pb was controlled by the Yellow River and atmospheric deposition, Hg was caused mainly by the other sources around coast, and Cu Zn As were affected by the Yellow River input and human activity.
